The spectral components of prompt emission of gamma-ray bursts (GRBs) mainly consist of two possible origins: synchrotron (non-thermal) and photosphere (thermal). The typically spectral properties of GRBs can be modeled by a dominant non-thermal component (Band-like function or cutoff power-law), some of them have an additional thermal component (Planck-like function). In this paper, in order to study how the thermal components affect the non-thermal spectral parameters, we focus on eight Fermi-GBM bursts of which the spectra deviate from a Band-only function, and the thermal components are significant. We sort them into thermal-sub-dominant Group I (e.g. 110721A) and thermal-dominant Group II (e.g., 090902B). Several interesting results are found if assuming the spectrum is totally non-thermal, ignoring the contribution from the thermal blackbody component: (i) the low-energy photon index α becomes harder; (ii) the peak energy E c , is significantly smaller, and lies between the peak temperature of blackbody component and the peak energy of CPL+BB model; (iii) total flux F , is generally the same; (iv) the changes (∆α and ∆E c ) are positively correlated with the ratio between the thermal flux and total flux; (v) parameter relations (F − α, F − E c and E c -α) are also changed prominently. Two group samples share the same results. Our analysis indicates that the thermal component shall be cautiously valued, it markedly affects the spectral parameters, and the consequent physical interpretations.
INTRODUCTION
The synchrotron emission producing nonthermal photons Meszaros et al. 1994; Daigne & Mochkovitch Li. Toma et al. 2011; Ryde et al. 2011; Aksenov et al. 2013; Pe'er 2008; Beloborodov 2011; Lundman et al. 2013; Bégué et al. 2013; Ruffini et al. 2013; Vereshchagin 2014; Ruffini et al. 2014; Deng & Zhang 2014; Pe'Er & Ryde 2017; Meng et al. 2018) generating the Comptonized quasi-thermal photons are two leading candidates of radiation mechanism in explaining the gamma-ray bursts (GRBs) prompt emission. The observed GRB spectrum in the keV-MeV energy range is usually described by a non-thermal phenomenological Band function (Band et al. 1993 ) in both the time-averaged (also called 'time-integrated') and the time-resolved spectra. Band function involves the low-energy and the high-energy segments, of which the photon indices are α (the low-energy index, with a typical value ∼ -1.0), and β (the high-energy index, with a typical value ∼ -2.2), they are smoothly connected by a peak energy E pk (with a typical value ∼ 250 keV), in case of νF ν spectrum. Although GRBs generally exhibit a non-thermal Band-like spectrum, the thermal component also plays a very important role at least for some GRBs. The previous studies suggest that the GRB spectra may contain three basic components (e.g., ): (i) Band (broad) spectra of non-thermal components (dominate type, most of which are of this type); (ii) The Plank function of thermal (narrow) spectra, a few observed spectra show this type (e.g., 090902B, Ryde et al. 2010 ); (iii) An additional power-law spectrum component extends to high energy range, presenting in some Fermi -LAT GRBs. The observed spectrum of GRB may be combinations of two components from these three basic components, or even be possible to observe three components simultaneously in one same GRB (Guiriec et al. 2015) .
The observed GRB spectrum is typically described by a non-thermal Band function. Some GRBs have confirmed an additionally weak blackbody (BB) component embed into the left shoulder of the Band shape (Band+BB, e.g., 110721A, Iyyani et al. 2013) . The thermal dominant GRBs are rare, the time-resolved spectral analysis based on the Burst And Transient Source Experiment (BATSE) on-board the Compton Gamma Ray Observatory (CGRO) revealed that a few bright bursts exhibit thermal domination during the entire burst duration (Ryde 2004; Bosnjak et al. 2006 ), e.g., GRB 930214, GRB 941023, GRB 951228 (Ryde 2004) and 990413 (Bosnjak et al. 2006) , or only at the beginning of the burst, see e.g., GRB 910807, GRB 910927, GRB 911119, GRB 970111, and GRB 980326 (Ghirlanda et al. 2003) . These results are later confirmed by the observations of Gamma-ray Burst Monitor (GBM) on-board the Fermi Gamma-ray Space Telescope (the detail discussion see in §2).
Due to the rarity and the dimness of the thermal component, the common spectral analysis often adopts only the non-thermal model, it inevitably brings bias to those GRBs containing evident thermal emission. One interesting question therefore arise: how does the thermal component affect the non-thermal spectral parameters? In this article, we are going to address the answer by analyzing eight bursts with significant thermal components. We fit these GRBs with and without the inclusion of thermal component, then we compare their α, E pk evolution, and the α-E pk , F − E pk , F − α relations.
The paper is organised as follows. In §2, we perform the sample selection and the timeresolved spectral analysis. In §3, we present the results, including the global parameter evolution and parameter relations. The conclusions are presented in §4. Throughout the paper, a concordance cosmology with parameters H 0 = 71 kms −1 Mpc −1 , Ω M = 0.30, and Ω Λ = 0.70 is adopted. The convention Q = 10 x Q x is adopted in cgs units.
Compared to the BATSE (25-1800 keV), Fermi-GBM provides a broader energy range (8keV-40MeV), which can fully assess all the current GRB spectral models (e.g., Ghirlanda et al. 2007) . We therefore carry out this task by working with Fermi-GBM data. Fermi-GBM (Meegan et al. 2009 ) contains 12 sodium iodide (NaI, 8keV-1MeV) detectors (n0 to n9, na and nb), and 2 bismuth germinate (BGO, detectors (b0 and b1). We used the Time Tagged Event (TTE) data and the standard response files provided by the GBM team. We adopt the data from all the triggered NaI detectors, and one BGO detector. which is chosen depending on the sequence of NaI detectors, b0 if n0 to n5, and b1 otherwise.
We systematically search for Fermi/GBM GRBs with the thermal components reported in previous literature, 13 cases are obtained in our sample (see Table 1 ). These bursts have reported that adding thermal components significantly improves the spectral fittings. Here we first review the spectral characteristics reported in the literature. Guiriec et al. (2011) reported that the spectrum of GRB100724B is dominated by the typical Band function, it also includes a statistically highly significant thermal contribution. Likewise, this two-component scenario is also reported by a few other bursts, e.g., GRB081224 (Wilson-Hodge et al. 2008; Burgess et al. 2014; Iyyani et al. 2016) , GRB100507 (Ghirlanda et al. 2013) , GRB100707A (Wilson-Hodge & Foley 2010; Burgess et al. 2014; Iyyani et al. 2016) , GRB090719 (van der Horst 2009; Burgess et al. 2014; Iyyani et al. 2016) , GRB101219B (Larsson et al. 2015) , GRB110721A (Axelsson et al. 2012; Iyyani et al. 2013) , GRB 120323A (Guiriec et al. 2013 (Guiriec et al. , 2017 , and GRB190114C (Wang et al. 2019) . Ghirlanda et al. (2013) analyzed the time-resolved spectrum of GRB100507, and reported the burst has a blackbody spectrum for the entire duration (∼ 30 s) of the prompt emission. Guiriec et al. (2013 Guiriec et al. ( , 2017 argued that both the time-integrated and time-resolved spectral analysis in GRB120323A can be similarly describe by a two-component scenario, that thermal emission is observed simultaneously with a non-thermal component. Burgess et al. (2014) reported five bursts (GRB081224, GRB090719A, GRB100707A, GRB110721A, and GRB110920A, see also in Iyyani et al. 2016) , in order to produce acceptable spectral fits, an additional blackbody component was required to the synchrotron components (Band+BB model). Recently, a very bright GRB, 190114C, was reported in Wang et al. (2019) that adding a blackbody improves the fitting over the cutoff power-law only. Besides, Li (2018) recently analysed the timeresolved spectra of 4 Fermi bright bursts (GRB140206B, GRB140329B, GRB150330A, and GRB160625B, see also Zhang et al. 2018) and find that the thermal component detected only at the beginning of the burst, and following up with a non-thermal synchrotron component. Most noteworthy, a few bursts may show thermal dominate form, which represent more narrower spectra, with a prominent case of GRB090902B (Ryde et al. 2010) . The emission of GRB160107A (Kawakubo et al. 2018) is reported from the jet photosphere combined with non-thermal emission described by a single power-law. GRB081221 can be described with multi-color blackbody spectra (Hou et al. 2018) . The best spectral fitting in GRB110920A is power-law plus two blackbodies (Iyyani et al. 2015) , see also (McGlynn & Fermi GBM Collaboration 2012; Shenoy et al. 2013) .
The time-resolved spectral analysis in previous works mainly make use of the frequentist approach, in this paper, we performed the fully Bayesian analysis package, namely, the Multi-Mission Maximum Likelihood Framework (3ML, Vianello et al. 2015) as the main tool to carry out the time-resolved spectral analyses for Fermi-GBM data (see also , Li 2018; Yu et al. 2018 ). The background is selected, adopting the data before and after the burst, and fitted with a polynomial function with automatically determined order by the 3ML. The source is selected as the time interval of T 90 for each bursts. The maximum likelihood-based statistics are used, the so-called Pgstat, given by a Poisson (observation, Cash 1979)-Gaussian (background) profile likelihood. To perform the time-resolved spectral analysis, we first rebin the TTE data by using the Bayesian Blocks method (BBs, Scargle et al. 2013 ) with false alarm probability p 0 =0.01 to the TTE light curve of one brightest NaI detector, then apply it to all other used detectors. This can be done by selecting the detector with the highest significance during the source interval for the case of more than one NaI detectors are triggered, we then use the brightest one for the Bayesian block and background fitting. To better study the time-resolved spectral evolution, we select the number of S/N>20 to be at least greater than 4. The sample then reduced to 8 bursts with this criterion 1 . The spectrum with S/N<20 usually have a huge error from the fitting.
It is important to address the questions of whether or not the results obtained from various fitting tools and binning technique are consistent with each other. We therefore use GRB081224 as an example to investigate the difference of the evolution and relation of parameter across the 3ML and the RMFIT (version 3.3pr7) software packages, and the S/N and the BBs. To compare the results between 3ML and RMFIT, we adopt the same time bin information based on the BBs method, and then apply it to both the 3Ml and the RMFIT tools. Based on the 3ML tool, we also compare the re-1 GRB100507: all 4 bins have S/N<20; GRB101219B: all 2 bins have S/N<20; and GRB120323A: all 3 bins S/N<20. sults from different time bin techniques (S/N and BBs) and different S/N values (S/N=30 and S/N=40). Temporal evolution of parameters (α and E pk ) and the relation of parameter (E pk -α) are presented in Figure 1 and 2, respectively. We find that they all generally present the same results. The slopes of parameter relation are also almost the same.
In Table 1 , we listed 13 bursts satisfying all above mentioned criteria (col. 1), along with their redshift (col. 2), the T 90 (col. 3), the fluence (col. 4) between 10-1000 keV, the detectors used (col. 5), the source (col. 6) and background (col. 7) intervals, the number of the bins of S/N> 20/total by using Bayesian blacks analysis across the source (col. 8), and the best model suggested in literature (col. 9) and its reference (col. 10).
Since the thermal component is generally observed in the left shoulder of the Band spectrum in the low-energy region (before E pk ), its presence does not affect the high energy β index (after E pk ). Therefore, we uniformly employ the CPL model to replace the Band function performing all the spectral fits throughout the paper. The spectral fitting is performed by a Markov Chain Monte Carlo (MCMC) fitting technique based on the 3ML, and the parameters of our model in the Monte Carlo fit allow in the following range: PL model, index: [-5,1]; Blackbody model, KT (keV): [1,10 3 ]; CPL model, α: [-5, 1], E c (keV): [1, 10 4 ]. The informative priors are adopted by the typical spectral parameters from F ermi-GBM catalogue: α ∼ N (µ = −1., σ = 0.5); E c ∼ N (µ = −200., σ = 300); β ∼ N (µ = −2.2, σ = 0.5). The prior distributions are used and multiplied to the likelihood which combines the model and the observed data, yielding a posterior distribution of the parameters. The uncertainty is the 95% confidence interval calculate from the last 80% of the MCMC chain for 10000 iterations. To select the best model from two dif-ferent given models, we adopt the deviance information criterion (DIC) in this paper, defined as DIC=-2log[p(data|θ)]+2p DIC , whereθ is the posterior mean of the parameters, and p DIC is the effective number of parameters. The preferred model is the model with the lowest DIC score. Here we define ∆DIC=(CPL+BB)-CPL, if ∆DIC is negative, indicating the CPL+BB is better.
Following the above methodology, we select the time bins with S/N>20 2 for having enough photons to perform a precise spectral fitting. We first fit the data with a canonical CPL model, then to check whether adding an additional blackbody component improves the fitting statistics (DIC). The fitting results evidence the improvement of DIC for the CPL+BB fit over the CPL fit alone (∆DIC) is at least 10 for all the bins in our sample, some of them are even as high as hundreds, indicating a firm detection of blackbody component. Our results confirm the thermal component of these 13 GRBs as reported in the previous articles.
After Bayesian analysis, we finally sort these Fermi bursts into two groups depending on whether the thermal emissions are sub-dominate (adhering to the left shoulder of Band shape) or dominate (narrower) components appear in the observed spectra.
• Group I: bursts for which the thermal components are typically sub-dominated. The group is made of 6 GRBs: GRB081224, GRB110721A, GRB090719, GRB100724, and GRB190114C. The temporal evolution of the parameters (α, E c and F ) are shown in Figure 3 , 4 and 5, and the parameter relations (F − α, F − E c and E c − α) are displayed in Figure 9 10, and 11.
• Group II: bursts for which the thermal components are dominated. Two GRBs are in this group: GRB 090902B, GRB160107. The temporal evolution of the parameters (α or power-law index, and F ) are shown in Figure 12 , and the parameter relations (F − α or F − index are displayed in Figure 13 .
To account for the difference of two models and two groups, we define:
Their values are presented from Table 2 to Table  7 for each burst.
RESULTS
We report the time-resolved spectral fitting results for each selected burst from Table S1 to Table S6 for Group I bursts, and from Table S7 to Table S8 for Group II bursts. For each Table, we list time interval (Col. 1), signal-to-noise ratio (Col. 2), parameters of cutoff power-law alone fitting (α and E c : Col. 3 -Col. 4), parameters of cutoff power-law plus blackbody fitting (α, E c and kT : Col. 5 -Col. 7) or parameters of power-law plus blackbody fitting (power-law index and kT : Col. 5 -Col. 6), and parameters difference (∆α I or ∆α II , ∆E c , Ratio I or Ratio II , ∆ DIC I or ∆ DIC II ) between these two models (Group I: Col. 8-Col. 11 and Group II: Col. 7-Col. 9).
Parameter Evolutions
The evolutionary analysis is performed on the bins which satisfy the above mentioned criteria (∆DIC< 0 and S/N>20). We present temporal evolution of the spectral parameters (α and E c ) and energy flux (erg cm −2 s −1 ) from Figure 3 to Figure 5 for the Group I bursts, along with their GBM light curves.
The comparison of parameters evolution finds that α is systemically harder (see Figure 3) , and E c (Figure 4 ) is significantly smaller in the CPL model than in the CPL+BB model. There is no obvious difference for the temporal evolution of the energy flux fitted by different models for all the cases ( Figure 5 ). Besides, GRB081224, GRB090719, GRB100707, and GRB190114C present very hard spectra, the majority of the α indices are beyond the synchrotron limit (Preece et al. 1998) . This is in agreement with the previous results that the hard indices are consistent with the thermal origin. More noteworthy, after adding a thermal component, α generally can be softer even crosses the synchrotron limit in GRB 190114C. For the type of the spectral evolution, we find most of them exhibit the hard-to-soft pattern, both in E c -and α-evolution.
To compare the results between bursts and to investigate the difference quantitatively, we further calculate the difference of parameters (∆α and ∆E c ), as shown in Figure 6 . The majority of ∆α are below 0 and ∆E c are above 0, which are consistent with the above results. We also calculate the ratio between the thermal flux and the total flux (see Figure 6 ), the ratio is in the range from ∼ 0.2 % to ∼ 70%. There are some bursts (e.g. GRB100724B) present no obvious evolution of the ratio, and some present dramatically evolution within the burst (e.g. GRB100707).
In order to have a global view on the difference, we plot the distributions of parameters in Figure 6 . For ∆α, one has ∆α=-0.07±0.15; For ∆E c , we get log∆E c =2.41±0.66. These results indicate that the spectral parameters are prominently changed. The energy flux present two peaks, with first dominant one peaks around 3×10 −6 , and the second weak one peaks at ∼10 −6 . Both the CPL and CPL+BB exhibit similar behaviors.
To denote the above interesting results, we use a cartoon picture ( Figure 7) to vividly demonstrate why α hardens and E c gets smaller by adding a thermal component. As seen in the picture, the blackbody component is strong and it raises the α shape and shifts the peak energy (E c ) to the left. The stronger the blackbody emission, the harder the α and the smaller the E c become. Typically, the E c values of CPL model fall in between the peak of blackbody emission (kT × 2.8) and E c of CPL+BB model. If the blackbody emission is extremely strong, E c can be even smaller than the peak of blackbody emission, but must be greater than the temperature of blackbody.
In order to test our cartoon model, we use one bin with the biggest ∆ DIC (or highest thermal ratio) to present the observed spectral variation between the models. The results are shown in Figure 8 . The blackbody temperature kT , the E c of CPL, and CPL+BB for GRB 110721A are 31.24 keV, 398.09 keV, and 943.05 keV, respectively. The peak of blackbody emission, E BB , is ∼ 87.42 keV (2.8 × kT), therefore, we find E BB < E c (CPL)< E c (CPL+BB). The α index derived from the CPL model in this bin is -0.90, harder than that from CPL+BB model (-1.08).
Likewise, the same results are also found in other cases. For GRB081224, E BB =26.89 keV<E c (CPL)=222.28 keV<E c (CPL+BB)=287.38 keV; α(CPL)=-0.57 harder than α(CPL+BB)=-0.66. For GRB090719, E BB =29.77 keV<E c (CPL)=173.84 keV<E c (CPL+BB)=205.38 keV; α(CPL)=-0.41 harder than α(CPL+BB)=-0.48.
For GRB100707, E BB =233.21 keV<E c (CPL)=213.50 keV>E c (CPL+BB)=700.53 keV; α(CPL)=0.39 harder than α(CPL+BB)=-0.16. It should be noticed that here E c is smaller than the peak of the blackbody temperature, this is because the thermal component in this bin is very strong, with the ratio ∼ 30%, which is much higher than the typical value of the observation. For GRB100724B,
Global Parameter Relations
As discussed above, energy flux is generally the same, α goes to be harder, and E c become smaller. Therefore, the parameter relations can be modeled. We assume in a particular case that all the parameters are correlated as monotonous power-law relations 3 (e.g., Li et al. 2019) . For F − α relation, the slope are almost the same, but shifting to the left a little (see the arrows marked in Figure 9 ). The quantity of shift depends on how strong of the blackbody the burst has. For F − E c relation, since F ∼ constant, E c goes smaller, thus, the slope of the relation ∼ constant and the relation moves toward the left (see the arrows marked in Figure 10 ). The case in E c − α relation could be more complicated. General speaking, the relations move towards to the upper left (see the arrows marked in Figure 11 ), but the slope of relation could have all three possibilities (greater than, less than, and equal to) since both E c and α may be changed.
Figures 9 to 11 show three plots of the parameter pairs: F − α, F − E c and E c − α. It is observed that in the high-significance cases (S/N>20) and DIC<0. The majority of cases in both F − α and F − E c exhibit monotonous positive relations, but the relations are shifted. The E c − α relation displays a more complicate behavior (see Figure 11 ), because both E c and α are altered. The observations therefore are self-similar to the picture as described by the cartoon.
To have a clear and confident demonstration of the evolutionary properties of the parameters, we require the burst with strong thermal emission, and the dramatic thermal evolution.
To determine the prominence of the thermal component, we calculate the ratio (F BB /F Total ) between the blackbody thermal flux and total flux for each burst. We find the ratio varies from burst to burst, and within a burst, Figure  6 shows the temporal evolution of the flux ratio. Within Group I, GRB190114C has particularly significant thermal emission, it owns the highest averaged ratio ∼ 30%, and all the time-resolved ratios are greater than 0.1 (marked with dashed line), this value is much higher than other bursts with typical thermal ratio 0.01 to 0.1. GRB 100707 has the most obvious variation of thermal ratio within a burst. Its ratios are very high in the early time but decrease fast with time, and correspondingly, its spectral parameters evolve significantly from the early to the late time. α derived from the CPL is softer than that from the CPL+BB, with a range much higher than the late time. The CPL and CPL+BB fittings give a significantly diverse E c in the early time, but a similar value in the late time. Both α and E c evolve consistently as described by the cartoon.
The results in Thermal-domnated Case
The temporal evolution of parameters for the thermal-dominated cases (Group II) with its differences are shown in Figure 12 . We find Li.
the ∆α II (Group II) are much greater than ∆α I (Group I), this would be consistent with the fact that a narrower spectrum leading to more obvious results. The parameters relations for our Group II bursts are presented in Figure 13 , the F −α relation has a marked tendency of moving to the left, which is consistent with the results in Group I. In Figure 14 , we present the observed spectral variation between the CPL and the PL+BB models. For GRB090902B, E BB =640.1 keV<E c (CPL)=2732.34 keV; α(CPL)=-1.14 much harder than the index (PL+BB)=-1.74. Similarly, the same result are also found in GRB160107, E BB =32.8 keV<E c (CPL)=492.5 keV; α(CPL)=-1.72 harder than the index (PL+BB)=-1.88.
The results indicate that two Groups bursts share the same results, but the magnitude of parameter variation for Group II is much higher than Group I.
CONCLUSION
In this paper, we analyzed the Fermi-GBM bursts of which the thermal components significantly contribute the observed spectra, as reported in previous literature and confirmed by our Bayesian analysis. Our samples are studied in two groups depending on whether the thermal component is dominant or not. We investigated how the thermal components affect the non-thermal spectral parameters, by comparing the spectral parameters between the CPL+BB (or PL+BB) model and CPL alone models. Our analysis supports the fact that if ignoring the strong blackbody component, the spectral parameters from the CPL model alone fitting it misleading. We discussed in detail on two ideal cases: GRB 190114C and GRB 100707, all their characteristics of the spectral evolution comply to the paradigm described in the cartoon.
In summary, we reach the following conclusions:
• Low-energy photon index α: α derived from the CPL only model is harder than it from the CPL+BB model (Group I), particularly in the cases of which the PL+BB (Group II) is the best model.
• Peak energy E c : E c derived from CPL only is significantly less than the CPL+BB model, but typically greater than the peak of the blackbody temperature (kT and kT × 2.8).
• Parameters relations: both the F − α and F − E c relations are generally present the same slope with an offset, whereas E c -α relation are possibly altered in all cases.
• The magnitude of change of spectral parameters (∆α and ∆E c , α goes to harder and E c goes to smaller) are positively monotonous correlated with the intensity (F BB /F Total ) of the thermal components.
We conclude that if the thermal component is present and strong in a GRB, the spectral parameters from the fitting adopting only the non-thermal model significantly deviate from parameters from the proper fitting considering the non-thermal model with an additional thermal component. We caution that the existence of thermal component shall be duly examined during the GRB spectral analysis. Figure 11 . Same as Figure 9 , but for E c -α relation. Figure S1 . The relation of E pk − α for different cases: (i) Rmfit vs. 3ML (timebin following the same BBs method and the same time interval is used to each bin for both tools.); (ii) S/N=30 vs. S/N=40 based on the 3ML tool; (iii) BBs vs. S/N=30 based on the 3ML tool; (iv) BBs vs. S/N=40 based on the 3ML tool. Li. Li. 
